BACKGROUND: Clinical pharmacy services (CPS) in the primary care setting have been shown to help patients attain treatment goals and improve outcomes. However, the availability of CPS in community-based primary care is not widespread. One reason is that current fee-for-service models offer limited reimbursement opportunities for CPS in the community setting. Furthermore, data demonstrating the value of CPS in this setting are limited, making it difficult for providers to determine the feasibility and sustainability of incorporating CPS into primary care practice.
METHODS: A retrospective cohort analysis was conducted using medical record data. This study was conducted using patients with uncontrolled type 2 diabetes (T2DM), defined as HbA1c ≥ 7.0%. Outcomes were compared between patients referred to a diabetes collaborative care management (DCCM) intervention from 2009-2012 and patients who did not participate in the DCCM program. To illustrate the difference in HbA1c between the 2 cohorts over the follow-up period, mean time adjusted HbA1c values were estimated using a panel-type random effects regression model, with results plotted at 90-day intervals from index date through the end of the study period. To help control for confounding by other factors, multivariate regression models were run. A difference-in-difference model was employed to estimate the effect of the program on resource utilization and all-cause charges.
RESULTS: A total of 303 DCCM and 394 comparison patients were included. Mean (95% CI) age was 57.4 years (55.963, 58.902) versus 59.9 years (58.613, 61.276; P < 0.001) with 48% and 44% female for DCCM and comparison patients, respectively (P = 0.49). Mean baseline HbA1c was higher for DCCM (10.3%; 10.10, 10.53) than comparison patients (8.4%; 8.26, 8.61; P < 0.001). The greatest reduction in HbA1c was seen for both groups at 9 and 12 months post-index date. At these time points, the mean time adjusted difference in HbA1c between groups was no longer significant. Multivariate modeling identified that the DCCM program was associated with a -0.44% (-0.64, -0.25; P < 0.001) lower HbA1c at follow-up relative to the comparison group controlling for potential confounders, including baseline HbA1c. Change in resource utilization from pre-to post-index date did not differ between groups. However, in the difference-in-difference multivariate analysis the difference in mean all-cause charges from the 12-month pre-to post-index periods DCCM patients experienced a smaller average increase in charges ($250) than comparison patients ($1,341; coefficient = -0.423; 95% CI = -0.779, -0.068).
CONCLUSIONS: A pharmacist-led diabetes collaborative care management program in a patient-centered primary care setting was associated with significantly better follow-up glycemic control relative to comparison R E S E A R C H A pproximately 9.3% (29.1 million) of the U.S. population has diabetes at an estimated annual cost in the United States of $176 billion in direct medical costs and $69 billion in lost productivity. 1, 2 These costs are driven in large part by diabetes-related complications, with an annual health care cost for patients with complications approximately $10,000 per year higher than for a patient without complications. 3 The overarching goal of diabetes treatment is, therefore, to reduce the risk of diabetes-related complications by achieving and maintaining near normal glycemic control with lifestyle changes and drug therapy. 4, 5 Treatment goals are facilitated by effective and efficient approaches to managing diabetes at all levels of care, including effective drug therapy management. As health care professionals, clinical pharmacists are specifically trained in the effective and appropriate use of medications to treat disease. Thus, there is significant opportunity in the primary care setting to include clinical pharmacists on the patient care team to
• Clinical pharmacy services are associated with improved glycemic control in patients with type 2 diabetes in a variety of practice settings.
• Studies have shown an economic benefit of clinical pharmacy services, although results are not consistent.
What is already known about this subject
• A pharmacist-led, diabetes collaborative care management program in a patient-centered primary care setting is associated with improved glycemic control over an 18-month follow-up period relative to comparison patients. • This program was associated with a less substantial increase in all-cause health care costs relative to usual care.
Study Population
The DCCM cohort included patients aged ≥ 18 years with T2DM who were treated at a community clinic offering the DCCM program (3 of 10 clinics) from 2008 to 2012 and who manage drug therapy for patients with diabetes. This is particularly true for patients with type 2 diabetes mellitus (T2DM), who often require multiple medications to manage blood glucose and related comorbidities. In this capacity, clinical pharmacists provide drug information and identify patient-specific diabetes drug regimens to optimize outcomes and avoid drugrelated problems.
Researchers have generated an abundance of evidence over the past 25 years that demonstrates that clinical pharmacy services (CPS) help patients with T2DM attain treatment goals and improve outcomes in the primary care setting. [6] [7] [8] [9] [10] [11] For instance, a recent study conducted in a federally qualified health center with a predominately underserved patient population found in patients with hemoglobin A1c (HbA1c) ≥ 9.0% that CPS was associated with a HbA1c reduction from a baseline of 1.5%. 10 CPS was associated with a reduction in hospitalizations relative to comparison patients. Another study evaluated diabetes outcomes in patients with HbA1c ≥ 7.0% after a clinical pharmacist was added to the primary care team in an integrated delivery system. 11 The patients receiving care from the team with CPS had a 2% point greater reduction in HbA1c than comparison patients. While these studies did not include economic outcomes, other studies conducted in health systems have found that CPS is associated with reduced inpatient/ emergency department visits, avoidable drug-related problems, and prescription drug costs. 12, 13 Few primary care practices include clinical pharmacists on their patient-care teams to deliver CPS. Current fee-forservice payment models lack reimbursement for CPS. This creates uncertainty regarding the feasibility and sustainability of incorporating clinical pharmacists into the primary care delivery team. 14 This study aims to contribute to the body of evidence illustrating the value of CPS in diabetes management by examining the impact of a pharmacist-led diabetes management program as part of a patient-centered care team. The setting for this study is 10 university-owned, community-based primary care clinics whose providers treat a diverse population of patients. Of these clinics, 8 have community pharmacies on site, and 3 of these have offered diabetes collaborative care management (DCCM) since 2008.
In this DCCM program, clinical pharmacists work under collaborative practice agreements with clinic physicians and advanced practice clinicians to provide diabetes drug therapy management. A preliminary pre-post analysis of patients with T2DM (mean HbA1c 10.1%) has shown improved glycemic control in DCCM patients with mean HbA1c reduction from enrollment to the last follow-up of 2.0% (P < 0.01). 15 However, durability of the intervention has not been previously assessed.
Given the significance of effectively managing patients with chronic diseases, including T2DM, the purpose of this study was to evaluate clinical and economic outcomes associated Because diagnoses may not be recorded, patients with a medication order for any antidiabetic agent were also included ( Figure 1B ). Patients with a diagnosis of type 1 diabetes at any time or polycystic ovaries (PCO) in the absence of a diagnosis code for diabetes were excluded, since antidiabetic medication may be used for treating PCO. The index dates for the comparison patients were the first HbA1c values after 180 days of activity. This date would indicate diabetes follow-up and monitoring but no DCCM intervention because the program was not available in the comparison clinics. All comparison patients were under ongoing care by a clinic provider as measured by having least 1 HbA1c value documented between 3 months and 18 months after index date. Comparison patients with an HbA1c < 7.0% on index date were excluded. There was no requirement that patients be continuously covered by a given health plan during the study period.
Analysis
The primary independent variable of interest was patient participation in the DCCM program. The primary clinical outcome was glycemic control measured by HbA1c values captured during the 18 months post-index date.
Economic outcomes were identified as the change in medical resource consumption and change in medical charges from the 12-month period prior to the index date to the 12-month period following the index date. Medical care resource consumption was based on administrative data and reported as the number of community clinic office visits, inpatient hospitalizations, outpatient office visits, and ED visits when care was delivered at a university-owned facility. Data for care received outside the university system were not captured. Medical charges as a measure of medical costs were also reported from the university's perspective and were reported as charges during the 12-month pre-index and 12-month post-index periods for inpatient hospitalizations and outpatient visits. Inpatient and outpatient charges were further combined for all-cause, total medical charges. Upon inspection, it was identified that the data did not discriminate when diabetes was the primary Additional independent variables included patient demographic characteristics as well as baseline, clinical, drug treatment, and health care utilization characteristics that could differ by group and influence outcomes. Demographic covariates included age (continuous and < 65 or ≥ 65 years); gender; race (white, black, other, and unknown/not documented); and insurance type (private, Medicaid, Medicare, and self-pay.)
Clinical covariates included in the study were baseline HbA1c (continuous and 7.0%-8.9%, 9.0%-10.9%, and ≥ 11.0%); weight; and body mass index (continuous and < 25, 25-< 30, 30-< 35, 35-< 40, and ≥ 40 kilogram per square meter). Baseline non-HbA1c laboratory and biometric values were the values documented on the index date or within 60 days before or after the index date, with the assumption that the DCCM intervention would have little or no impact on non-HbA1c clinical measures during the first 60 days after the index date. Comorbidities relevant to diabetes were identified with ICD-9-CM codes documented any time pre-index date and included hypertension, dyslipidemia, chronic kidney disease, retinopathy, neuropathy, cerebrovascular disease including stroke, and cardiovascular disease, including myocardial infarction (see Appendix A for ICD-9-CM codes, available in online article).
Diabetes pharmacotherapy information was captured for the 365-day period prior to the index date based on prescription drug orders in the clinic EMR data. Diabetes medication prescriptions were captured by drug class and included alpha-glucosidase inhibitors, biguanides, dipeptidyl peptidase-4 inhibitors, GLP-1 receptor agonists, insulin, thiazolidinediones, meglitinide analogues, and sulfonylureas. Count of antidiabetic classes prescribed the year prior to the index date was captured and categorized as 0 classes, 1 class, 2 classes, 3 classes, or 4+ classes. Health care resource utilization data, as a baseline measure of disease severity, included overall outpatient costs and community clinic encounters during the 6 months prior to the index date.
Statistical Analyses
Clinical Outcomes. Descriptive statistics (frequency, percentage, mean, and standard deviation [SD]) were used to describe the baseline characteristics of the study cohort stratified by DCCM or comparison group. Independent t-tests and chisquare tests were used for continuous and discrete variables, respectively, to determine if DCCM and comparison patients differed by any patient characteristic.
To illustrate the difference in the variations in HbA1c between the 2 cohorts, mean time adjusted HbA1c values were plotted at 90-day intervals from index date through the end of the study period. A panel-type random effects regression model was employed where HbA1c values were regressed against the DCCM or comparison group indicator, post-index follow-up time, interaction between group and follow-up time, squared follow-up time, and the interaction between group and the squared follow-up time. These time-adjusted HbA1c values were not adjusted for other possible confounding. Results from the random effects regression models were then used to generate plots of adjusted HbA1c against time using the estimated mean HbA1c values at 90-day intervals and the corresponding standard errors and 95% confidence interval (CI) values. HbA1c values likely have a nonlinear association with time. Therefore, follow-up time in months was interacted with the DCCM or the group variable that indicated whether a patient received the intervention or not. To obtain an interpretable mean effect, the follow-up time and its interaction term were mean-centered. 17 Thus, DCCM patients were graphically compared with comparison patients at the mean value of the follow-up time.
To control for possible confounding based on differences between DCCM and comparison patients, each patient was assigned a propensity score, a created variable based on measured confounders that represent the probability of receiving an intervention based on a patient's baseline characteristics. 18 Propensity scores are commonly used in comparative effectiveness research studies to reduce the impact of selection bias that can occur when patients are not randomized to treatment. Propensity scores were calculated for this study based on a logistic regression analysis with DCCM participation as the dependent variable. Baseline clinical and demographic characteristics were included as independent variables, and those that were significant at P < 0.05 or that were considered potential confounders were retained in the final propensity score model. The final model included patient age, baseline HbA1c, prior insulin or metformin prescription orders, number of antidiabetic classes previously prescribed, prevalence of retinopathy or chronic kidney disease, number of community clinic visits in the prior 6 months, and 6-month pre-index outpatient costs. Log-likelihood ratio test was used to compare model iterations to ensure that excluding nonsignificant variables did not negatively impact model fit.
Propensity score matching using stratified, radius, and kernel matching (with replacement) were initially explored. Due to the relatively small group of comparison patients identified as eligible for inclusion, these approaches resulted in a high loss of patients and/or did not adequately balance covariates between DCCM and comparison patients. Thus, all comparison patients were retained, and the propensity score was used as a covariate in regression analyses.
Linear regression analyses were used to identify how being in the diabetes intervention affected follow-up HbA1c values relative to comparison patients. Several iterations of the
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regression model were performed. First, a linear model was estimated to examine the association between participation in the DCCM program and follow-up HbA1c values, controlling only for baseline HbA1c. Second, ordinary least squares (OLS) were used to fit a more complete model, including covariates that were trending towards significance (P < 0.10) or that were believed to be potential confounders based on prior knowledge. The final model controlled for patient age, baseline HbA1c, prior insulin or metformin use, number of antidiabetic classes previously prescribed, prevalence of retinopathy or chronic kidney disease, the number of community clinic visits in the prior 6 months, and 6-month pre-index outpatient costs. Additional models were based on the initial OLS model, but included propensity scores were explored, including the following: (a) propensity scores included as a covariate to adjust for the likelihood of the patient having received the intervention and reduce treatment effect bias 19 ; (b) stratified analysis with patients stratified by propensity score quintile to help remove imbalance between treatment groups for the variables included in the propensity score model 19 ; (c) weighted propensity scores (p i ) to estimate the average causal effect in those most likely to be given the intervention (DCCM patient weighted by 1 and comparison patients by p i /(1-p i ); and (d) inverse probability weighting or the inverse of the likelihood of a patient being in the DCCM program to balance representation of DCCM and comparison patients by likelihood of receiving the intervention (DCCM patients as 1/p i and comparison patients as 1/(1 -p i ). 20 The results of the analysis with a stratified propensity score did not reveal a difference in outcomes by propensity score stratus, suggesting that the propensity score was not contributing to the model. Thus, we present results from the models with the propensity score as a covariate and stratified to illustrate this finding, but the final 2 models using a weighted propensity score are not presented.
This study also evaluated outcomes in a subset of patients with baseline HbA1c ≥ 8.0% in efforts to better balance the cohorts, thereby helping to address concerns that change in HbA1c in the DCCM group may represent the natural tendency for outliers to move towards the mean rather than the effects of the clinical intervention.
Economic Outcomes. Descriptive statistics (mean, SD) were used to describe resource utilization and charges from the 12-month pre-index period to the 12-month follow-up period. Resource use and charge data were not normally distributed. Therefore, Wilcoxon rank sum tests were used to determine if medical resource use and charges differed between preindex and post-index dates with DCCM and comparison patients evaluated separately. Additionally, the WilcoxonMann-Whitney rank sum test was employed to examine if changes in charge and usage differed between the DCCM and comparison cohorts.
Economic outcomes were then evaluated for the overall study cohort using multivariable regression models based on a difference-in-difference (DID) estimating method to identify how participation in the DCCM program impacted medical utilization and charges relative to comparison patients pre-and post-index date. The following model was used to analyze the effect of DCCM intervention on medical utilization and charges:
HbA1c baseline + ε To study medical utilization, the outcome variables employed in the analysis were the average number of inpatient visits; community clinic visits; visits to other outpatient clinics, which are predominantly for specialty care; and ED visits. To analyze charges, 3 outcome variables were used: the aggregate medical charges accrued by patients during the study period, inpatient charges, and all outpatient charges. The parameter α 1 captures the effect of being in the DCCM program, while α 2 measures the effect of the post-index period. The key DID estimator is α 3 , which is the coefficient term on the interaction between the DCCM indicator and the post-index period indicator, and captures the difference from pre-index to post-index periods in the average difference in health care utilization or charges for the 2 groups. Mathematically, the parameter can be explained as:
The parameter α 4 measures the effect of baseline HbA1c on utilization or charges. Augmented versions of these models included controlling for other covariates such as age, comorbidities, antidiabetic history, and other clinical characteristics.
As utilization is a count with a discrete probability distribution, a negative binomial regression model was utilized. A likelihood ratio test comparing the negative binomial models with Poisson models resulted in chi-square values that suggested alpha is non-zero for all empirical specifications, and the negative binomial is more appropriate model than a Poisson model for this analysis. A zero-inflated model was also considered, but results did not change between the 2 models.
Charge data were skewed because of high utilization by a small number of patients. Therefore, costs were modeled using a generalized linear model (GLM) with a log link and gamma family. 21 Gamma regression is a popular statistical model for skewed distributions, such as hospital cost data or for data that can only take on positive values. The model does not assume a normal distribution but rather uses 2 parameters to allow it to be pliable to the shape of the observed distribution. 22 All statistical tests were performed at an a priori significance level of 0.05 using Stata SE version 12.0 (StataCorp, College Station, TX). No adjustment was made for multiple comparisons. The protocol for this study was submitted, and approval/ waiver of consent was provided by the University of Utah Institutional Review Board (IRB# 00044764).
DCCM group had a significantly higher baseline HbA1c, but the gap between the 2 groups narrowed over time, widening slightly between 15 and 18 months. Note that these timeadjusted HbA1c values are not adjusted for other covariates.
In the subset of patients with baseline HbA1c ≥ 8.0%, DCCM patients had a higher HbA1c at baseline but, starting around 150 days through the end of the study period (540 days), achieved lower time-adjusted HbA1c levels relative to comparison patients ( Figure 2B ). Mean HbA1c was the lowest between 270 and 360 days, with a similar increase in HbA1c between 360 and 540 days.
In the linear regression analyses controlling only for baseline HbA1c, participation in the DCCM program was associated with a 0.21% lower HbA1c any time post-index date relative to the comparison group (coefficient [coef] = -0.21, 95% CI = -0.40, -0.02; Table 2A ). In the OLS model controlling for baseline characteristics that could confound results but not including a propensity score, the intervention was associated with a 0.44% (coef = -0.44, 95% CI = -0.64, -0.25) lower HbA1c at follow-up relative to the comparison group. Baseline HbA1c was strongly associated with follow-up HbA1c values in these model iterations, implying patients who started at high baseline HbA1c had higher follow-up HbA1c readings. Age, preindex insulin use, number of antidiabetic classes prescribed prior to index date, and having retinopathy were significantly associated with HbA1c outcomes.
Incorporating a propensity score as a continuous covariate (coef = -0.44; 95% CI = -0.64, -0.24) or stratified in quintile regression (coef = -0.44; 95% CI = -0.64, -0.24) had little additional effect on the DCCM group coefficient. Baseline HbA1c remained highly associated with HbA1c outcomes in these models. In addition to baseline HbA1c, the adjusted models controlled for age, prescription orders for metformin or insulin, the year prior to index date, number of antidiabetic classes prescribed prior to index date, prevalence of retinopathy and chronic kidney disease, outpatient costs 6 months prior to the index date, and the number of community clinic visits 6 months prior to the index date.
Results were similar when evaluating the subset of patients with an HbA1c at baseline of ≥ 8.0%-the DCCM group experienced lower follow-up HbA1c readings of 0.21%, on average, relative to comparison patients (coef = -0.38; 95% CI = -0.62, -0.15) controlling for baseline HbA1c (Table 3) . When adjusting for additional covariates, the DCCM group with baseline HbA1c ≥8.0% experienced an average follow-up HbA1c that was 0.58% lower than comparison patients (coef = -0.58; 95% CI = -0.81, -0.34). Including a propensity score as a continuous variable (coef = -0.58; 95% CI = -0.81, -0.34) or in a quintile analyses (coef = -0.58; 95% CI = -0.81, -0.35) had little effect on the identified association. Baseline HbA1c also had a strong statistical association with follow-up HbA1c readings in the subset analyses.
■■ Results Population and Baseline Characteristics
Of 438 patients enrolled in the DCCM program from 2009 through 2012, 303 patients were followed for a minimum of 180 days before entering the program, with a baseline HbA1c ≥ 7.0% and at least 1 follow-up HbA1c value documented in the EMR or clinical pharmacist notes from 3 to 18 months after the index date ( Figure 1A ). Of 1,936 potential comparison patients with indication of T2DM, 394 patients had confirmed T2DM without indication of type diabetes or PCO and EMR activity for at least 180 days before index date. These patients also had an index-date HbA1c ≥ 7.0% and at least 1 follow-up HbA1c value documented in the EMR from 3 to 18 months after the index date ( Figure 1B) .
Baseline characteristics are provided in Table 1 . The mean (95% CI) age of DCCM participants was 57.4 (56.0, 58.9) years and 59.9 (58.6, 61.3) years in the comparison group (P = 0.005). Baseline diabetes control was significantly different between the 2 groups, with DCCM patients having a mean baseline HbA1c of 10.3% (10.10, 10.53) compared with 8.4% (8.26, 8.61 ) in the comparison group (P < 0.001). The DCCM cohort also had higher rates of several comorbidities than comparison patients, including chronic kidney disease (23.8% vs. 7.6%), coronary heart disease (32.0% vs. 19.5%), and history of stroke (5.6% vs. 1.0%; P < 0.001 for all). In the subset of patients with baseline HbA1c ≥ 8.0%, mean (95% CI) HbA1c was 10.6% (10.44, 10.85) for DCCM (n = 271) and 9.9% (9.65, 10.18; P < 0.001) for comparison patients (n = 171). Comparison patients also continued to differ from the DCCM cohort in this subset regarding prior comorbidities, number of antidiabetic classes, and prior diabetes medications use in this subset of patients.
In the full sample, prescription orders for diabetes medications during the year prior to index date differed between the DCCM and comparison groups (Table 1) . While the use of metformin was high in both groups, a greater proportion of DCCM patients were prescribed metformin the year prior to the index date (79.9%) than comparison patients (72.6%; P = 0.021). Insulin was prescribed more frequently at baseline in the DCCM group (57.4%) than in the comparison group (22.8%; P < 0.001). Additionally, the number of diabetes medication classes prescribed the year prior to the index date differed between the groups (P < 0.001 for the distribution). The proportion of DCCM patients prescribed 3 (35.1%) or 4+ (17.5%) classes the year prior to the index date was higher than the proportion of comparison patients (25.6% and 9.1%, respectively).
Glycemic Control
Mean time adjusted HbA1c was plotted at 90-day intervals from the index date through the end of the study period. For both DCCM and comparison patients, HbA1c was lowest at 270 days and gradually rose after 360 days (Figure 2A) (Table 4) . For DCCM patients, the only change that reached significance was a change in outpatient charges with a mean (SD) increase of $534 ($10,414) in the post-index period (P < 0.001). Total medical charges (SD) were on average $251 ($18,174) higher, and inpatient charges (SD) were on average $283 ($12,336) lower, but the differences were not significant. Outpatient charges (SD) in the comparison group increased by $1,129 (11,354; P < 0.001). Total medical charges were also significantly higher for comparison patients ($1,341 [$14,475]; P < 0.001). The difference in mean charges from the 12-month pre-to post-index periods was significantly different between DCCM and comparison patients for outpatient services and for overall medical charges (P = 0.001), with DCCM patients experiencing smaller increases in charges versus comparison patients during the study period.
A multivariate negative binomial regression analyses was conducted to determine if health care utilization from 12 months before to 12 months after index date differed for DCCM versus comparison patients (Table 5 ). In the base model, the parameter of interest is the estimated coefficient on the interaction term, which primarily indicated no statistical significant difference in community clinics and inpatient, outpatient, and ED utilization from pre-to post-index date between DCCM and comparison patients. In the augmented model, which controlled for additional covariates such as demographic characteristics (age, race, and gender); comorbidities; antidiabetic history; and other clinical characteristics, the parameter on the interaction term was 
FIGURE 2
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not significant, implying no difference in utilization from pre-to post-index between the 2 groups. A GLM with gamma link and log function to evaluate the effect of the intervention on charges found that, relative to comparison patients, the DCCM group's change (increase) in charges before and after index was lower (coef = -0.423; 95% CI = -0.779, -0.068), driven by significantly smaller increases in outpatient charges in the DCCM group relative to the comparison group (coef = -0.419; 95% CI = -0.757, -0.081; Table  6 ). In the augmented models, where additional covariates were included, similar results were observed. DCCM patients had significantly lower increase in overall medical charges (coef = -0.423; 95% CI = -0.768, -0.079) and for outpatient charges (coef = -0.419; 95% CI = -0.747, -0.092) versus comparison patients from pre-to post-index periods. In base and augmented models, baseline HbA1c had a statistically significant negative association with total and outpatient charges. There was no significant difference in inpatient charges from pre-to post-index dates between the intervention and the control group in base and augmented models. patients to make lifestyle modifications that may be difficult to maintain. Therefore, additional follow-up DCCM encounters with the pharmacist might be warranted to reinforce educational messages and adjust medication therapy. We also hypothesized that patients receiving the DCCM intervention would have better utilization and cost trends relative to comparison patients. This was observed with respect to medical charges with DCCM having a significantly smaller increase in outpatient and total medical charges in the 12-month post-index period than comparison patients. Utilization analyses were, however, less conclusive. Descriptive results identified that community clinic visits and outpatient specialty clinic visits increased significantly in the postindex period for DCCM patients, while outpatient specialty visits were significantly higher in the post-index period for comparison patients. These findings could reflect a trend for community clinic providers to continue to treat patients who participate in the DCCM program, while similar comparison patients may have been referred to specialists.
Relative to costs, the DCCM cohort's all-cause total medical charges were higher in the pre-and post-index periods compared with the comparison cohort. However, when controlling for potential confounders, being in the DCCM group was associated with a significantly smaller increase in outpatient and total charges from before to after the index date compared with the comparison group. Baseline HbA1c had a
■■ Discussion
Recognizing the opportunity to positively impact outcomes in patients with T2DM, clinical pharmacists practicing in university-owned community clinic pharmacies manage patients' diabetes drug therapy according to collaborative practice agreements with clinic primary care providers. At the time of this study, 438 patients had been referred to the DCCM program, and 303 of those with uncontrolled T2DM and sufficient follow-up time to support outcomes analyses were included in this study. Patient diabetes drug therapy management by the pharmacist-led DCCM program was associated with better follow-up glycemic control and cost trends relative to comparison patients.
Time-adjusted estimates of follow-up HbA1c values demonstrated that patients enrolled in the DCCM program experienced significant reductions in HbA1c after entering the DCCM program. By 9 months (270 days) after the index date, the difference in glycemic control identified at baseline between DCCM and comparison patients was no longer observed. While glycemic control deteriorated in both groups after 12 months of follow-up, the similarity in glycemic control was maintained through 15 months. This finding is significant, since the average DCCM patient was discharged from the program after 7 months, suggesting that the benefits are sustained. However, diabetes is a progressive disease and often requires of restriction, HbA1c values between groups were more similar than in the overall study cohort but were also statistically different (10.6% in the DCCM group vs. 9.9% in the comparison group; P < 0.001). However, higher baseline HbA1c can lead to larger HbA1c decreases with an intervention. This study evaluated follow-up HbA1c controlling for baseline HbA1c rather than looking only at the change in HbA1c. While this approach may not fully address this limitation, it helps to mitigate the risk of overstating the effect of the intervention on glycemic control. When adjusting only for baseline HbA1c, follow-up HbA1c values associated with the DCCM intervention was -0.21% overall and -0.38% lower for the subgroup of patients with baseline HbA1c ≥ 8.0% than comparison patients. Because controlling for only baseline HbA1c does not account for other potential confounders, we then employed a series of multivariable regression models, most of which incorporated propensity scores as a further means to statistically control for the differences between the groups. Regression models, including iterations incorporating the propensity score were generally consistent and identified a greater reduction in follow-up HbA1c for DCCM relative to comparison patients, consistently identifying follow-up HbA1c values that were estimated to be 0.44% lower in the DCCM group versus the comparison group overall. This difference was 0.58% in the subset with baseline HbA1c ≥ 8.0%. A reduction in HbA1c of 0.5% is commonly considered to be clinically meaningful; these estimates are within a clinically meaningful range. Thus, the relative reduction in HbA1c with the DCCM intervention was similar if not slightly greater when restricting the cohort and reducing the baseline HbA1c difference. If a high baseline HbA1c was the primary driver of HbA1c reduction observed in the DCCM cohort, the difference in HbA1c reduction between groups would have been expected to be smaller in the restricted cohort. However, restriction did not eliminate the baseline HbA1c difference between groups; thus, the higher baseline HbA1c in the DCCM group may still explain some of the reduction.
This study contributes to the body of evidence regarding the value of CPS in the primary care setting for diabetes by providing data on clinical and economic outcomes related to diabetes collaborative drug therapy management. Having evidence for the value of CPS is important to public and private payers as they consider recognizing pharmacists as providers and/or in expanding reimbursement to cover diabetes-related CPS. Similarly, integrated health systems, including accountable care organizations, need such information when considering how to optimize the role of all team members, including pharmacists, in managing their diabetes population. For either stakeholder, the CPS promise for diabetes care is in optimizing drug therapy and avoiding poor patient outcomes that can result in greater consumption of health care resources. statistically significant negative association with all-cause total medical and outpatient charges. This finding was expected. Other studies have estimated that improving HbA1c by 1% can lead to a significant decrease in costs. One-year savings have been estimated to range from $685 to $950 per patient per year and are greater in patients with poorly controlled T2DM (HbA1c ≥ 10%). 22 Other authors have also reported the impact of CPS on glycemic control in patients with T2DM in the ambulatory care setting. 10, 12, 14, [24] [25] [26] [27] Our study findings were consistent with those studies that identified an HbA1c reduction with CPS from baseline of 0.5% to 2.0% and a difference relative to comparison patients ranging from a 0.2% increase (not significant) to a 1.4% (P < 0.001) reduction. 10, 12, 25, 27 Our study is one of a small number that considers economic outcomes in addition to clinical outcomes. Our findings were consistent with Chung et al. (2014), who did not identify a significant difference in inpatient or ED utilization between groups. 10 Others have evaluated cost outcomes with diabetes CPS. Cranor et al. (2003) identified a reduction in total annual health care spending of $1,200 to $1,872 per patient versus baseline in patients receiving diabetes-related CPS in the community pharmacy setting. 28 Anaya et al. (2008) identified that total costs were over $62,000 less in patients with a diagnosis of diabetes after the implementation of a collaborative practice agreement that included diabetes drug therapy management ($85,184 pre-index vs. $22,259 post-index). 13 However, the Anaya et al. and Cranor et al. studies did not include comparison groups. 13, 28 To help isolate the effect of the DCCM program from underlying trends, this study compared DCCM patients with a cohort of comparison patients with HbA1c ≥ 7.0% treated per usual care. We initially attempted to create a matched cohort to help achieve covariate balance between the DCCM and comparison patients. However, we faced an unanticipated challenge in that matching resulted in considerable loss of patients due to the inability to find suitable matched pairs. Thus, a traditional cohort design with multivariate analysis to control for confounding was used to retain all eligible DCCM and comparison patients. The implication of not matching was that DCCM patients had significantly higher baseline costs and HbA1c than those in the comparison cohort.
Baseline differences between treatment groups are a frequent problem in observational studies. 29 This occurs because real-world treatment selection is driven by patient characteristics that influence prescriber expectations of outcomes based on disease severity, treatment effectiveness, or adverse effects. Given this limitation, we evaluated follow-up HbA1c in a subset of patients with a baseline HbA1c of ≥ 8.0%. This step eliminated near-goal patients who may not have been candidates for more aggressive treatment due to age, concerns over hypoglycemia, or other clinical considerations. With this added level
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with uncontrolled T2DM treated in a patient-centered primary care setting. These findings contribute to efforts to establish the value of CPS to patients, providers, and payers and provide data for payers who may be considering options for reimbursing for pharmacist-led diabetes drug therapy management.
Limitations
This discussion has touched on several key limitations of this study including possibility of confounding by indication. We used restriction in a subset analysis of HbA1c outcomes in patients with baseline HbA1c ≥ 8.0% and multiple approaches to multivariate analysis to help mitigate this risk. However, the possibility that our study findings are biased due to inadequate control for confounding due to differences in HbA1c, prior diabetes medication use, and comorbidities remains, and results should be interpreted with this limitation in mind. However, this study's results are in line with the findings of other studies reporting the impact of CPS on glycemic control in patients with T2DM in the ambulatory care setting. 10, 12, 14, [24] [25] [26] [27] This study is one of a small number that have considered economic outcomes in addition to clinical outcomes. However, baseline differences in cost and variability in costs across the cohort leading to wide CIs were notable and may similarly reflect residual bias, although the economic findings were also consistent with similar studies. 10, 13, 29 Furthermore, administrative costs of the DCCM program were not included. Thus, this study may underestimate costs for the DCCM group. Therefore, the results should be interpreted with caution given the potential bias and limited published data on the economic impact of community clinic-and primary care-based CPS in diabetes. Considering these limitations and the possibility that improved diabetes management associated with the DCCM program could reduce the risk of future diabetes complications, a longterm assessment of outcomes is warranted.
Other limitations include the risk of uncontrolled confounding due to incomplete or unavailable data. For instance, data on patient behaviors that affect outcomes such as compliance with medications, diet, and exercise recommendations, as well as data on health care and medications provided outside our health system, were not available.
Selection bias is also a possibility due to the requirement of having a minimum duration of treatment by community clinic providers and charted HbA1c values. Patients included in this study may have differed from those who were not included based on using the community clinic as a routine source of care. This becomes a bias to the extent that the DCCM patients may be more likely to remain with the community clinic as their primary care provider than comparison patients because of the added care. With more intense monitoring, DCCM patients are also more likely to have HbA1c values identified and recorded in their medical records. Continuity of care and close monitoring could contribute to better patient outcomes independent of DCCM participation.
■■ Conclusions
This study has identified that a pharmacist-led collaborative diabetes management program is associated with better glycemic control and improved all-cause medical cost trends in patients 
